The purposes of this study were to examine the association between setf-reported environmental tobacco smoke (ETS) exposure during pregnancy and birth weight, prematurity, and small-for-gestational age infants and to determine whether these associations differ by maternal age. Data from the Pregnancy Nutrition Surveillance System from two states that collected data on both passive and active smoking for the penod 1989-1994 were analyzed. ETS exposure was defined as reported exposure to the cigarette smoke of a household member. Multiple logistic and linear regression analyses were used to evaluate the association between ETS and birth outcomes. The mean adjusted birth weight among infants of nonsmoking mothers age 30 years or older was 90 g less among infants exposed to ETS than among infants not exposed. No significant association was found among infants of younger nonsmoking mothers. Similarly, the nsks for low birth weight (adjusted odds ratio (OR) = 2.42, 95% confidence interval 1.51-3.87) and preterm delivery (adjusted OR = 1.88, 95% confidence interval 1.22-2 88) were elevated among older nonsmokers exposed to ETS, but not among younger nonsmokers exposed to ETS (adjusted OR = 0.97, 95% confidence interval 0.76-1.23; adjusted OR = 0.92, 95% confidence interval 0.76-1.13, for low birth weight and preterm delivery, respectively). These findings indicate that the association between ETS exposure and adverse pregnancy outcomes appears to be modified by maternal age. Am J Epidemiol 1997; 146:42-7. birth weight; environmental pollution, tobacco smoke; infant, premature; infant, small-for-gestational age; maternal age Studies have shown that smoking during pregnancy elevates the risk of delivering a low birth weight (LBW), preterm, or small-for-gestational age (SGA) infant and that this risk increases with increasing maternal age (1-5). The literature on the association between environmental tobacco smoke (ETS) and pregnancy outcome has shown that exposure to ETS also elevates the risk of adverse birth outcomes. Martin and Bracken (6) demonstrated that ETS exposure for at least 2 hours per day resulted in a mean birth weight reduction of 85 g and a twofold increased risk of LBW among the infants of nonsmokers. Since then, several other studies have demonstrated that infants
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Although the relations in several of these studies were not statistically significant, the results nonetheless report an increased risk of adverse birth outcomes among those exposed to ETS (10, 11, 17) . From the existing literature, it is not clear which component of LBW is most impacted by maternal exposure. It is clear, however, that overall birth weight is negatively affected by ETS exposure during pregnancy. To our knowledge, no study has examined the effect of maternal age on the association between ETS exposure and the occurrence of LBW, preterm delivery, or SGA.
In this study, we have assessed the relation between maternal exposure to ETS and the occurrence of LBW, preterm delivery, and SGA and have determined the effect of advancing maternal age on the association between exposure to ETS and pregnancy outcomes.
MATERIALS AND METHODS

Study subjects
The subjects for the study were women with singleton pregnancies for whom ETS exposure and birth outcome data were reported to the Centers for Disease Control and Prevention Pregnancy Nutrition Surveillance System from the two US states (Arizona and North Dakota) that collected ETS data from 1989 to 1994. Subjects were low-income women who received services from publicly funded maternal and child health clinics. Our study included 17,412 subjects who reported ETS exposure and a birth outcome.
Definition of variables
Exposure to ETS was defined as self-reported exposure to a household member's cigarette smoke during pregnancy. Dichotomous (yes/no) response to the question, "Does anyone other than you (the pregnant woman) currently smoke cigarettes in the household?" was used to obtain information about ETS exposure. A smoker was anyone who reported during the first clinic visit that he or she smoked any number of cigarettes. The outcome variables considered in this analysis were mean birth weight, LBW, preterm delivery, and SGA. LBW was defined as an infant weight of less than 2,500 g at birth, and preterm delivery was defined as a gestational age of less than 37 weeks (19) . The gestational age used to define preterm birth was calculated from our estimate of the expected date of delivery, which is based on the date of last menstrual period. SGA was defined as a birth weight of greater than two standard deviations below the reference median birth weight for the infant's gestational age on the basis of gender, race, altitude, and gestational age-specific fetal growth reference (Yip R, McLaren N, unpublished manuscript, 1992) (20) .
Statistical methods
We performed multiple linear regression analyses to assess the association between ETS exposure and mean birth weight after controlling for potential confounders. We used multiple logistic regression to calculate adjusted odds ratios and related 95 percent confidence intervals for LBW, preterm delivery, and SGA and performed statistical analyses using the Statistical Analysis System (Cary, North Carolina). Factors considered in the regression models included mother's ethnicity (i.e., white, black, Hispanic, Native American, and Asian), education (i.e, ^8, 9-<12, 12, 13-<15, and >15), parity (i.e., 0, 1, 2, and >3), marital status (i.e., married or not married), weight gain during pregnancy (i.e., pounds), prepregnancy body mass index (i.e., kg/m 2 ), state of residence, use of alcohol (i.e., yes or no), and use of tobacco (i.e., yes or no). The altitude of the clinic was also taken into account. Because maternal age showed an obvious effect in the descriptive analyses on the relation between ETS and birth weight, women were divided into two age groups: those younger than age 30 years and those aged 30 years or older. We constructed separate models for the two groups.
RESULTS
Overall, of the 17,412 study subjects, 31 percent reported exposure to ETS, and 22 percent were smokers. Forty-seven percent of those exposed to ETS and 11 percent of those not exposed to ETS were smokers (table 1) . Compared with women not exposed to ETS, those exposed were more likely to be younger, to be white, to have completed fewer years of schooling, to be primigravida, and to report alcohol use. Figure 1 illustrates mean birth weight by maternal age among ETS-exposed and nonexposed women. The data are further stratified by maternal smoking status. Among nonsmokers less than age 30 years, there is little difference in infant birth weight between ETSexposed and nonexposed women. However, for nonsmoking women over age 30 years, birth weight was lower in infants of those exposed to ETS. This birth weight difference between exposed and nonexposed women appears to increase with increasing maternal age. Among smokers, those exposed to a household member's cigarette smoke show consistently lower infant birth weights compared with smokers not exposed to additional cigarette smoke in the home. This difference among women over age 30 years also increases with increasing maternal age. The upward surge in birth weight for smokers age 30 years or older who were not exposed to additional ETS and a downward surge among smokers exposed to ETS reflect the small number of births in these age categories.
After observing that the relation between reported ETS exposure and infant birth weight was modified by maternal age, we stratified the results by age less than and equal to or greater than 30 years. Stratification revealed that among older nonsmokers, the mean adjusted birth weight of infants was 90 g lower for those exposed to ETS than for those not exposed (table 2) . Among smokers, birth weight was lower in infants of both younger and older women exposed to ETS.
Among nonsmokers, we observed an increased estimated risk of LBW and preterm deliveries among older women but not among younger women (table 3) . The estimated relative risk of SGA was elevated among older ETS-exposed women, but the confidence intervals are wide, and therefore we cannot rule out the possibility that the observed effect is entirely due to chance. Among smokers, the estimated risk of LBW was elevated for both younger and older pregnant women exposed to ETS (table 3) . A small increased risk of prematurity among older smokers exposed to ETS was observed, but because the confidence intervals are wide, we cannot rule out chance. Exposed smokers showed little or no increased risk of delivering SGA infants (table 3) , although the estimated relative risk of SGA was slightly elevated among younger smokers. However, again, the confidence intervals are wide.
DISCUSSION
In this study, we demonstrated an association between ETS exposure and the occurrence of LBW and preterm delivery among older nonsmoking women. We also observed an increased risk of SGA among older women exposed to ETS, but because the confidence intervals are wide, the observed effect could be due to chance. Our inconclusive findings regarding SGA are consistent with those of other studies (17, 18) . Our findings on the association between ETS exposure and preterm births are more in accord with findings of the study by Ahlborg and Bodin (10), which found a mild association between ETS exposure in the workplace and preterm delivery. However, we observed the increased preterm risk only among older exposed women. Among smokers, we observed an increased risk of LBW among both younger and older women exposed to ETS; however, the confidence intervals are wide. The estimated risk for LBW was higher among older smokers exposed to ETS. Exposed smokers showed little or no increased risk of delivering a preterm or an SGA infant.
These findings should be considered in light of the following limitations. We cannot exclude the possibility that factors other than ETS may explain the findings. For example, we were not able to control for economic and social factors (e.g., income and household size) that may be associated with both pregnancy outcome and exposure to ETS. However, we adjusted for education level, ethnicity, and marital status, each of which are important indicators of socioeconomic status. Furthermore, our study population included only low-income women. An additional limitation is that we were not able to assess the extent of underreporting of cigarette smoking or ETS exposure and did not have cotinine levels on pregnant women, which would have helped to assess exposure and provide insight about the extent of misclassification that may have occurred. Cotinine is the main metabolite of nicotine, and blood serum levels of cotinine are often used as an indication of an individual's exposure to tobacco smoke. We also did not know the length of exposure or history of tobacco use among our study subjects, although, in terms of having a history of tobacco use, findings from several studies of birth weight among smokers who quit before conception or early in their pregnancies have shown that smokers deliver infants with birth weights similar to those of infants of nonsmokers (21) (22) (23) . It could be argued that the cumulative effect of exposure could be age dependent, with older women being affected differently than younger women. None of the studies have examined these associations by maternal age. Another explanation for the findings could be that women classified as exposed to ETS may have been former smokers and, because they live in households with smokers, may be more likely to relapse into smoking after the initial data collection. We examined this issue, and our data show that only 2.8 percent of the women relapsed: 2 percent among those who were not exposed to ETS and 3 percent among those who were exposed. Our study findings are consistent when we exclude the small percent of participants who relapsed. We had no information about exposure to ETS in environments other than the home, which could affect the intensity of exposure (24) . Finally, because data were available for only two states, our findings are not generalizable to all low-income pregnant women.
Despite these limitations, the study has several strengths. The sample size allowed us to examine the effect of maternal age on the association between reported ETS exposure and birth outcomes. In addition, we were able to examine the association between ETS exposure and outcomes associated with birth weight-LBW, SGA, and preterm delivery.
ETS may affect birth outcomes through several mechanisms, especially among older women. There is evidence that smoking restricts the utero placental blood flow, and the placentas of smokers show vascular lesions (25, 26) . Fetal growth is known to be retarded by the direct toxic effects of nicotine, carbon monoxide, and other substances generated by burning cigarettes (27) . Literature on smoking shows that older pregnant women who smoke during pregnancy are at increased risk for adverse birth outcomes, such as delivering premature, LBW, and SGA infants (1) (2) (3) (4) (5) . There has been discussion of decreased placental sufficiency among older women (28, 29) . The decreased placental sufficiency among older pregnant women may combine synergistically with ETS exposure to affect the birth weight and length of gestation, similar to what is hypothesized to occur among smokers. Thus, it could be that placental capacity to respond to the components of cigarette smoke is compromised among older women compared with younger women (5) . Studies show an association between maternal smoking and both SGA and preterm births, with the association with SGA being stronger. We observed a stronger association between ETS exposure and preterm delivery among older women. It could be that among older women there are other risks for adverse • ETS, environmental tobacco smoke; PNSS, Pregnancy Nutrition Surveillance System; OR, odds ratio; Cl, confidence interval; LBW, low birth weight; SGA, small-for-gestabonal age.
t Odds ratios adjusted for ethnicity, education, marital status, parity, state, alcohol use, weight gain, prepregnancy body mass index, and altitude.
pregnancy outcomes that may combine with ETS exposure synergistically (30) .
The findings of this study are particularly important because many women above age 30 years are having children, and the proportion of births occurring in this age group is increasing. In the United States, approximately 30 percent of births occur among women aged 30 years or older (31) . A recent study showed that 37 percent of US adults who do not use tobacco live in a household with at least one smoker or are exposed to ETS at work (32) . Given the proportions of older women giving birth in the United States and adult exposure to ETS, it is possible that upwards of 300,000 pregnancies among nonsmokers could be affected by ETS exposure, which has implications for the family and for the child's long-term growth and development. Lastly, LBW and preterm infants incur higher health care costs.
Our study adds evidence to the literature demonstrating the adverse effect of ETS on pregnancy outcomes and suggests that behavioral interventions to stop smoking as well as to avoid ETS exposure should target women. The pregnant women in this study were seeking services from publicly funded maternal and child health clinics. Such clinics may be useful for delivering behavioral interventions to low-income women who are exposed to ETS in their homes (33) . From a public health point of view, policies are needed to limit pregnant women's exposures to ETS.
